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(54) Artificial ventilation system 

(57) An artifida] ventilation system and a method for 
controlling the artificial ventilation system for obtaining 
an optimized artificial ventilation of a lung system of a 
patient is described. Optimal artificial ventilation is 
obtained when the blood system of the patient is maxi- 
mally oxygenated and, at the same time, the negative 
Influence on the cardio-pulmonary system is minimized. 
The ventilation system comprises a gas delivery unit (2) 



for delivering controllable Insptration pulses to a patient 
(4), a monitoring unit (14) for measuring at least one 
parameter related to the function of the lung system, 
such as a bkxxJ gas analyser, and a control unit for 
determining an optimal peak inspiratory pressure and 
pressure amplitude for the inspiration pulse based on 
the measured blood gas parameter. 
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Description 

The present invention relates to an artificial ventila- 
tion system comprising a respiratory gas delivery unit 
connectable to a lung system for delivering controllable 5 
inspiration pulses of resptratory gas to the lung system, 
a regulating unit operatively connected to ttie respira- 
tory gas delivefy unit for controlling the inspiration 
pulses based on a control signal supplied to the regulat- 
ing unit a monitoring unit for measuring at least one 
parameter related to the function of the lung system and 
a control unit connected to the monitoring unit for deter- 
mining a change in an inspiration pulse parameter. 

The present invention also relates to a method for 
controlling an artificial ventilation system 

It should be noted that in relation to this applica- 
tion, the term inspiration pulse includes all relevant 
parameters which in any way d^ines the inspiration 
pulse and its effect on a lung system. For example, the 
positive end expiratory pressure (PEEP) is normally set 
as an external overpressure on the lungs at the end of 
each expiration. However, the followtng inspration pulse 
will commence at tNs elevated pressure and the effect 
of the inspiration pulse on the lungs is also dependent 
on PEEP. PEEP is therefore also a relevant parameter 
for the rnsptration pulse. The same reasoning is valid 
when regarding expiration time, since the effect of a par- 
ticular Inspiration pulse is also dependent on, inter alia, 
the ratio b^een inspiration time and expiration time. 

The lungs are one of the most irrportant organs in 
a living being. The main function of the lungs is the gas 
exchange between the organism and the environment 
Oxygen (0^ in the air is diffused into the blood system 
and carbon dioxide (00^ diffuses from the blood sys- 
tem to the air in ttie lungs. The CO2 is then removed 
from the lungs during expiration. The actual exchange 
of gas takes place in the air/fluid interface in the alveoli. 
There are about 300 million alveoli in a healthy human 
lung system, having a total area of about 100 . The 
alveoli are enmeshed in the pulmonary capillary net- 
work, which fbnns a fine network of minute capillaries. 
The capillaries are so tftin. that only one red blood cell 
at a time can pass ttirough. 

As a result of injuries or disease or even due to arti- 
ficial ventilation (such as during anaesthesia), the func- 
tion of ttie lung can be effected to such a degree, that 
ttie patient (normally a human being or a domestic ani- 
mal) cannot maintain a sufficient spontaneous respira- 
tion. Artificial respiration, or ventilation, must then t^e 
provided. The simplest and fastest way of providing arti- 
ficial respiration in acute situations is moutti-to-mouth 
respiration. This is, however, not sufTtdent for profonged 
treatment nor for all kinds of acute illnesses. 

Mechanical artificial respiration has been known for 
a long time, for instance by the so called iron lung. The 
iron lung corrprises a chamber vtrhich covers ttie patient 
up to ttie neck. To force ttie patient to inhale, air is 
punped out of tfie charrt}er, thereby forcing the chest to 
expand. Air will then flow down into the lungs. The bulky 



chamber and the problem of having the patients body 
completely encased, are major disadvantages for this 
kind of artificial respiration, which usually Is refen-ed to 
as negative pressure respiration. 

During the polio epidemic in the 1950's a large 
mjnt>er of patients were suddenly in great need for arti- 
ficial respiration. Positive pressure respiration was ttien 
developed. In principal a piston pump was used for cre- 
ating an overpressure which, via a tut)e and a breathing 
masK forced air into the patient's lungs. The pumps 
were at ttie beginning manually controlled, normally by 
students, who regularty pumped air into ttie patients 
lungs. Mechanic driving mechanisms for ttie pump were 
then developed. 

Most of these first positive pressure ventilation sys- 
tems controlled the tidal volume (Vt) of the patient as 
ttiey forced a defined volume, i.e. ttie pump's stroke vol- 
ume, into the patients lungs during each inspiration. As 
long as ttie lungs have a good compliance, tfiis causes 
no problem. But when there are atelectatic regions, i.e. 
ttie lung is "stifT, the supplied volume can cause pres- 
sures within the lungs which fiarm the lung. The pres- 
sure difference between different regfons of the lung 
may give rise to shear forces, which damage the lungs 
and prolong the recovery of ttie patient. A high absolute 
pressure may cause neightjouring alveoli to compress 
an interjacent capillary and prevent the vital blood fkw 
(overcfistension). In severe cases, excessive pressure 
may even cause tissue rupture. 

Since ttien, artificial ventilation systems fiave been 
greatfy inproved. In the eo's, electronically controlled 
ventilators were devefoped. which couM cornrol pres- 
sure arxi fkws wttti higher accuracy than ttie preceding 
mechanic ventilators. Several new ventilation modes 
were developed, as well. 

In a modem state of ttie art ventilator system, such 
as ttie Servo Ventilator 300, Siemens-Elema AB, Swe- 
den, the physician may select among a vast number of 
ventilation modes, such as pressure control (PC), pres- 
sure support (PS), volume control (VC), volume support 
(VS). pressure regulated volume control (PRVC), con- 
tinuous positive airway pressure (CRAP), syncfironized 
intermittent mandatory ventilation (SIMV), and others. 
Including variations of the mentioned modes. It is also 
possible to use one and the same ventilator for neonate, 
paediabic and adult patients. 

However, only providing respiratory air to a patient's 
lungs is not sufficient. Since all lung systems are individ- 
ual and may for instance display different conpliance 
and more or less atelectatic regions, any treatment 
must be adapted to the specific patient In partKular. 
when using positive pressure ventilatioa care must be 
taken not to supply too high pressures or volumes of 
respiratory gas, since these can cause barotrauma and 
vdutrauma. As already mentioned, overdstension and 
even tissue rupture wittiin the lungs may be caused by 
extreme peak pressures. Another risks is depletion of 
surfactant in the alveoli, due to large tidal volumes (V^) 
and pressure changes, end expiratory lung volume less 
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than the lung's functknal residual capacity (PRC), as 
well as repeated transgressions from dosed to open 
^e. The depletion of surfactant causes the lung to 
^iffen. As the patient's condition changes (improves or 
deteriorates), the treatment must also changa Another 5 
mode could be selected or a change could be made In 
one of the numerous parameters related to the inspira- 
tion pulse. The importance of monitoring the condition 
of the patient was therefore realised at an earty stage 
and this ar^ has also been developed. 10 

Lung mechanics were probably the first factor to be 
considered by physicians when determining how to 
treat a certain patient. By using spirometers combined 
with other instruments some lung mechanic paranre- 
ters. such as tidal volume, residual volume and tunc- is 
tional residual capacity (PRC), could be detemiined. 
Resistance and corrpliance have also been determined 
for lungs, by different measuremern and calculation 
methods. These parameters could be used by the phy- 
sician to determine the condition of the lungs. Another 20 
factor which had to be taken into consideration was the 
dead spaca For the normal lung system the mouth, 
nose, pharynx, trachea and bronchi comprise the ana- 
tomic dead space. In addition to this, the tut>ing con- 
necting the ventilation system to the patient adds to the 2S 
dead space, thereby inaeasing rebreathing of exhaled 
C02-enriched gas. Thus, the CO2 also had to be con- 
sidered in order to imprcve verrtilation of the lung sys- 
tem and, in particular to avoid hypoventilation (resulting 
in a too high blood CO2 leveO and hyperverrtilation 30 
(resulting in a too low blood CO2 level). 

Apart from these additional considerations, general 
monitoring of the condition of the patient has become 
an important tool, especially in intensive care. I^omially. 
monitoring can include measurement of ECG, EEG, 35 
CO2, ootygen saturation (SaOg) and. more recently, par- 
tial pressure of oxygen (PaC^ and cartxm dioxide 
(PaC02) in the bkxxl. The experienced physician will 
then try to ventilate the patient in order to obtain certain 
life supporting values of these monitored parameters, 40 
such as a sufficient oxygen saturation. 

Pot some inspiration pulse parameters, dosed loop 
systems have been descrS>ed. where a measured body 
function parameter is utilized in a control system for 
automatically changing the inspiration pulse parameter. 45 
In a ventilator system described in US-A-5. 103,81 4, the 
measured SaOg of the patient is used for controlling the 
percentage of oxygen in a respiratory gas. In other 
words, if the Stapg is beknv a threshold value, a higher 
percentage of oxygen (PjO) will be supplied to the 50 
patient and if the Sa02 is higher ttian ttie threshold 
value, the PjO in the respiratory gas will be reduced. A 
similar system is described in EP-A-504 725. One major 
problem for these systems is: changing one parameter 
is rwt sufTicierTL For instarx^e. if the lungs suddenly col- 55 
lapse, even an increase to 100% is not suffident 
have an optimal gas exchange. 

Other attempts of eiutomation have also been 
made. In an artide entitled "Automatic weaning from 



mechanical ventilation using an adaptive lung ventila- 
tion controller, Unton eL al.. Chest 1994 Dec.; 106(6): 
1843-1850, a system for automatic weaning of a patient 
ts descra>ed. The described system was automatically 
adapted to the lung mechanics of the patient on a 
t}reath to breath basis and aimed to minimize work of 
breathing, to maintain alveolar ventilation and to prevent 
intrinsic PEEP. In US-A-4,988,268 a more complete 
control is aimed at Oxygen and cartxxi dioxide con- 
terrts in expired air are measured and based on these, 
together with predetermined lung elastance and air vis- 
cosity factors, the tidal volume (VJ and respiratory rate 
(RR) are automatically calculated and set Yet another 
system is descrft)ed in an artKle emitted 'An adaptive 
lur^ ventilation contrdler", by Laut}scher et al., IEEE 
Trans. Biomed. Eng. 1994 Jan; 41(1):51-59. In this sys- 
tem the physician programs a desired gross alvedar 
ventilatton and the control system tries to maintain this 
desired level by automaticalty adjusting the mechanical 
rate and Inspiratory pressure level. The acQustments are 
based on measurements of the patienTs lung mechan- 
ics and series dead space 

Although these systems may provide automated 
system solutions for certain furK:tions, or a certan cate- 
gory of patients, they do not succeed in presenting full 
automatic control of a patient's breathirrg. in-espective of 
the condition of the patient and most do not aim at 
accelerating the recovery time. 

All in all, there are many parameters and factors to 
corner when deciding how to apply the best possible 
artifkaal ventilation on a spedf k; patient Many parame- 
ters relating to the oondltkxi of the patient and/or the 
lung system have been found, but the interconnection 
between the parameters and how they shoukj be uti- 
lized for optimum treatmerrt has not been seen. Prob- 
lems which can arise are insuffident axygenatkin, 
hypoventilation, hyperventilation, volutraunrta. baro- 
trauma, overdistenskxi, tissue rupture, shear forces, 
etc. In partk:utar, although it has always been the pur- 
pose of obtaining an optimal artificial ventilation for a 
patient such a system has never t>een realized. 

It is an object of tiie invention to achieve an artificial 
ventilation system whk^ obtains an optimal artificial 
ventilation for a patient conskJering the most relevant 
parameters for the condition of tfie patient and aiming at 
an imprwed recovery time for the patient and the lung 
system. 

It is also an object of the invention to achieve a 
method for controlling an artif idal ventilation system in 
such way. 

The object Is achieved by the inverrtion in ttiat the 
artificial ventilation system is devised according to the 
characterizing portion of daim 1. 

Basically, it has now been recognized tiiat the vital 
importance of artiHcial ventilation is to reduce the pres- 
sure load on the lung system and at the same time 
achieve a suffident oxygenation of the bkxxl system. 
This will provkte a life sustaining concfition, with a mini- 
mum of negative effects for the patient 
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In principle, the basic characteristics of the alveoli 
have to be taken into account The alveoG can be 
described with reference to the LaPlace law, i.a 
P = Zyir , where P is a pressure required to sustain a 
particular racfius of a bubble, y is the surface tension of 
the fluid gas interface and r is the radius of the bubbia 
A collapsed alveolus requires a relatively high pressure 
In order to begin to inflate, but as the radius increases 
when the alveolus expands, the pressure required for 
further inflation is reduced. In other wrords, when the 
alveoli are inflated, they will not require a high pressure 
to remain open. The importance of maintaining the lung 
open is descrSied in more detail in an article entitled 
'Open up the lung and keep the lung open", Intensive 
Care Medicine. 1992. 18:319-321. The artificial ventila- 
tion system of the present invention takes advantage of 
this characteristic, extrapolated onto the whole lung, 
and combines rt with a vital life supporting parameter, 
the oxygenation of tiie bkxxl system. 

By minimizing the pressures supplied to the lung, in 
particular peak pressure and pressure amplrtude. the 
negative effects of the cardio-pulmonary system, such 
as barotrauma, volutrauma, overdistension and hypoxic 
vasoconstriction can be minimized, if not completely 
avoided. The artiftctal ventilation system operates most 
efficiently in the pressure control nnode, when the 
patient does not breathe spontaneously, and in support 
modes, when the patient breathes spontaneously How- 
ever, other modes of operation are possible to apply 
with the same advantageous results. For instarx^e, in 
volume control mode the pressure coukj be measured 
and the supply of respiratory gas could be controlled so 
that the desired pressure parameters are obtained and 
m^ntained. 

Several advantageous improvements of the artifi- 
cial ventilation system are descrtoed in the dependent 
daim. 

For instance, the blood gas parameter which is 
preferably utilized is the partial pressure of oxygen 
(Pap2). The Pa02 is the best bkxxl gas parameter, 
whk^h rellects the oxygenation of the blood system. 
PaOg is better tfian, for instance, saturation of oxygen in 
Uood (SaOs) or by cateulating arterial oxygenation by 
measuring expired oxygen content This because PaO^ 
varies even when the bkxxl is fully saturated. 

The system can operate completely automatic 
since all relevant parameters can be measured auto- 
matically on sita As will be described bek)w. other oper- 
ations are also possible. 

The invention also relates to a method for conta'ol- 
ling the artif idal ventilation system in order to obtain the 
optimum ventilation. The inventive metlxxl is described 
in independent daim 18 and irrprovements of the 
metitod are described in the dependent claims to this 
daim. 

In one embodiment of the invention, the expiration 
fltw is measured in a fhMT meter and optimal settings for 
inspiration/expiration time ratio (l:E ratio) and respira- 
tion rate (RR) are determined based on the quotient 



between a determined erxl expiratory fkw arvl a 
peak expiratory fk)w((I>pE). 

In another embodiment of the invention, a monitor 
screen is connected to the monitoring unit for displaying 

5 measured parameters. The nvxiitor screen oouU also 
be connected to the control unit for displaying deter- 
mined inspiration pulse parameters. Using a monitor 
screen provides a perfect interface between the artificial 
ventilation system and a physksan. The phystdan can 

10 select whether the artifnial ventilation system shouU 
operate automatically and control the entire ventilation 
of the patient itself, or if the control unit shoukJ only dis- 
play ttie suggested new parameters on the screen, 
whereupon the phystdan decides whether or rx>t to use 

15 the suggested parameters for the treatment or diagno- 
sis of the patient The monitor saeen and monitoring 
unit may be parts of a total nxjnrtoring system for the 
patient For instance, in intensive cara monitoring of 
ECG, EEG, haemodynamK parameters, such as bkxxl 

20 pressures, oxygen saturation, partial pressure of oxy- 
gen and carbon dioodde in ttie bkxxt oxygen consump- 
tion, cartxxi dioxkie production and other parameters 
can be measured and displayed on the monitor saeen. 
In all, this provides a ventilation system which has a 

25 great potential for all artifkaal ventilatioa In hospitals, 
the ventilator system may e/en be utilized as an educa- 
tion tool for the staff. The interface operation via the 
monitor screen presents at all stages information of the 
patients condition and how to ventilate ttie patient in 

30 each instarx:e. 

In a further embodiment of the invention the condi- 
tion of ttte lungs is first determined by checking whether 
ttie lungs are collapsed or not Ihts is reflected in ttie 
partial pressure of oxygen in the tikxxl. If the lungs are 

35 collapsed, an opening pressure procedure will be acti- 
vated. When an opening pressure (Pq) has been deter- 
mined, a dosing pressure (PJ of the lung system will 
also be determined. The dosing pressure (PJ will then 
reflect the kiwest pressure, at whch the lungs may be 

40 ventilated to provide for a suffkaent oxygenation of the 
Uood. 

The method for contaxjiling the artifkaal ventilation 
system is preferatjly comprised in a number of bgk^ 
rules, or protocols. By evaluating tiie condition of the 

45 lungs at predetermined intervals, a defined s^ of rules, 
or a particular protocol, can be activated when neces- 
sary. In particular, the present invention indudes an 
opening protocol, a reduction protocol, a maintenance 
protocol and a weaning protocol. The opening protocol 

50 provxles for the determination of the opening pressure 
(Pq). The reduction protocol provkjes for the determin- 
ing of the dosing pressure (P^). The maintenance pro- 
toed aims to keep the lungs open. And ttie weaning 
protocol, finally, is activated when the patient has 

55 inproved enough to t>e weaned from the artifkaal venti- 
lation. Since ttiese protocols fdk)w ttie concEtion of the 
patient they will normally always fdk>w in the same 
consecutive order: openir>g protocol, reduction protocol, 
maintenance protocol and weaning protood. 
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In the foOowing, embodiments of the invention will 
be descrft)ed in more detail, refem'ng to the figures, in 
which 

FIG. 1 scheniattcally shows an embodiment of the 
artif idal ventilation system, 
FKB. 2 illustrates the basic idea for a concept of 
optimizing the ventilation of a lung system, 
FIG. 3 shews a pressure volume diagram, iDustrat- 
ing the behaviour of a collapsed lung, 
FIG. 4 shews a first flow chart descrbing a first 
method of controlling the ventilator system, 
FIG. 5 shows a second flow chart illustrating a sec- 
ond method tor controlling the ventilator system. 
FIG. 6 shews a pressure diagram and a flew dia- 
gram for an inspiration pulse, 
FIG. 7 illustrates in aflcw chart afirst series of sub- 
steps for the second method, 
FIG. 8 illustrates in a flow chart a second series of 
sut>-steps for the second method, 
FIG. 9 shows a series of inspiration pulses for 
determining an cpening pressure, 
FIG. 10 illustrates in a flow chart a third series of 
sut>-steps for the second method, 
FKa. 1 1 shows a sequence of inspiration pulses for 
determining a dosing pressure, 
FIG. 12 illustrates in a flow chart a fourth series of 
sut>-steps for the second method, 
FIG. 13 illustrates in a flow chart a fifth series of 
sut>-steps for the second method, 
FIG. 14 illustrates in a flow chart a sixth series of 
suthsteps for the second method, 
FIG. 15 illustrates in a fkw chart a seventh series of 
sui>-steps for the second method. 
FIG. 16 shows a respiratory gas delivery system, 
which can be used for the artrfidal ventilation sys- 
tem, and 

FIG. 1 7 illustrates in a flow chart an eighth series of 
substeps for the second method. 

The artificial ventilation system comprises a gas 
delivery unit 2, which receives controllable arrxMints of 
gas via gas inlets 2A, 2B. 2C. The received gases are 
mixed in predetermined fractions within the g^ d^ivery 
unit 2 and are then delivered to the lung system of a 
patient 4. via a gas delivery system 6. Respiratory gas 
can t>e delivered irrtermittently, during inspiration 
phases or constantly, whereby an inspiration pulse of 
respiratory gas is superinposed during the inspiratory 
phase The gas delivery unit 2 is regulated by a regulat- 
ing unit 8, wtuch regulates the flow, pressure, gas mix, 
timing, etc. of the respiratory gas. All these inspiration 
pulse parameters can be entered on a control panel 10 
by a physician or other dinical staff, whereby a control 
signal is transferred from the control panel 10 to the reg- 
ulating unit 8 via a databus 12. The control panel 10 can 
also be equipped with the possbilrty of entering patient 
information such as ^e, sex astd txxty weight or size, 
which may be used for further optimization of the treat- 



ment Other possble information wfiich can be entered 
to have an inpact on the system are. the reason for the 
artifidal respiration (iltness, insuffident respiration, 
irtsufftdent respiratory rrusdes, etc.), and information 
5 regarding the physical condition of the patient (cyano- 
sis, chest wall movements, ennphysema. skin tenpera- 
ture. &c.). 

The patient 4 is also connected to a monitoring unit 
14. The monitoring unit 14 comprises a blood gas ana- 

10 lyser 14A. which is connected to the blood system of the 
patient 4, a flow meter 14B for measuring respiratory 
gas flow to and from the lung system of the patient 4, a 
pressure gauge 14C for measuring the pressure in or 
near the lung system of tiie patient 4. a blood pressure 

IS meter 14D for measuring tiie tilood pressure of the 
blood system of the patient 4 and a COg-meter 14E for 
measuring tiie cartx>n donde content in tiie expired 
respiratory gas. 

Other components of tiie measuring unit can be an 

20 oxygen meter 14G, a lung mechanics meter 14H, an 
electrocardiograph 141 and an electroencephalograph 
14J. Meters for txxfy temperature and other parameters 
reflecting tiie patienTs condition can also t^e included in 
ttie measuring unit 14. 

25 All measured parameters can be transferred to a 
monitor screen 16 via a datatxjs 17. In the monitor 
screen 16, graphs or values can be displayed on a dis- 
play 18. A physidan can select which parameters to 
view via cortrol knobs 20. The monitor screen 16 may 

30 also be equipped with tiie possitnlity of entering patient 
data, as descrft>ed atxve for the control panel 10. The 
monitoring unit 14 is also connected to a control unit 22 
via a databus 24. The conta-ol unit 22 is further con- 
nected to the conti^ol panel 10 via tiie databus 12 and 

35 receives from the control panel 10 the set inspiration 
pulse parameters, as well as the selected ventilation 
mode and tiie type of patient, i.e. whettier tiie patient is 
neonatal, paedatric or adult. It can, thus, also receive 
information about the patient's weight or size, age and 

40 sex. all erttered on the corrtrol panel 10 or on the moni- 
tor screen 16. On tiie basis of the measured parameters 
from the monitoring unit 14 and the cunent settings on 
the control panel 10 and monitor screen 16, the control 
unit 22 wilt calculate arvj determine an optimal new set- 

45 ting for ttie artifidal ventilation system and in particular 
an optimal setting for the inspiration pulse, such as peak 
inspiratory pressure (PIP), end pressure, positive 
(PEEP) or negative (NEEP). respiration rate (RR) and 
tnspiration/expiration time ratio(l:E ratio). 

50 The control unit 22 can also calculate parameters 
related to the measured parameters in the monitoring 
unit 14 and tfiese cakajlated parameters can also be 
displayed on tiie monitor screen 16. Calculated param- 
eters are, for instance. tidaJ volume, minute volume, 

55 oxygen oonsurrption, COg tidal production and Cpg 
minute production. These calculated parameters can 
also be utilized for cateutation of new settings. The 
change in certain parameters over time, such as Uood 
gases, oxygen consunption, etc., can also be deter- 



5 



9 



EP0753 320A1 



10 



mined by the control unit 22 and utiDzed for detennining 
new settings. 

tt should be noted that the UocKs in Fta 1 refer to 
function more than physical construction, tn other 
words, some of the meters in the monitoring unit 14 
(e.g. the flow meter 14B and the pressure gauge 14C), 
as well as the regulating unit 8, may be integrated with 
the gas delivery unit 2, whereas other meters in the 
monitoring unit 14, such as the blood gas analyser 14A, 
can oonsi^ of a separate apparatus. Likewise, the con- 
trol unit 22 and the monitor saeen 1 6 can be integrated 
parts of a computer, such as a PC. 

The determining of new settings can be based on 
an iterative method, where settings are altered one at a 
time and the outcome of the change is monitored via the 
monitoring unit 14 before further changes in the settings 
are made. The determining can also be b^ed on a pure 
mathematical calculation based on cun-ent patient data 
and patient data collected in a database for providing a 
knowledge background for the control unit 22. The data- 
base comprising ttte knowledge background is very 
useful when deciding maximum values arxl threshold 
values for both the measured parameters and the set 
inspiration pulse parametera 

The determined new settings can be displayed on 
the monitor saeen 16. The displayed setting can then 
be regarded as a suggestion of a new setting and the 
physician may choose to change the setting accordngly 
or not The display may also be made as an information 
of the next automatic setting for the ventilation system. 
In this case, the control unit 22 generates a further con- 
trol signal, which is transferred to the regulating unit 8 
via a databus 26. The further control signal will in this 
case override the control signal from the control panel 
10. Preferably the physkaan may select whether the 
system shouM be corrpl^ely automatic (dosed kxip 
ventilatk>n}, semi^automatk: or manual. 

In order to be able to determine an optimal setting, 
the control unit 22 comprises a set of determining proto- 
cols or control methods. In FIG. 2 a basic set of such 
protocols is illustrated. As the patierrt is connected to 
the ventilation system an evaluation (28) of the patient's 
corxiition is made arxJ dep&iding on the status of the 
condition, cfifferent protocols are activated by the control 
unit 22. Therefore, if the lung system of the patient 4 has 
collapsed, an opening protocol 30 will be activated, 
which opening protocol 30 will be descritied in greater 
detail betow. If the lungs are suffkaently open a reduc- 
tion protocol 32 is activated, whnh reduction protocol 32 
is also descrit>ed in further detail betow. The reduction 
protocol 32 is mainly aimed at finding the lowest peak 
pressure PIP and pressure amplitude, at wtiich the 
lungs remain sixffk;iently open. Next, a maintenance 
protocol 34 will t>e activated to keep the lung open at 
lowest possible pressure, but with maintained suff x;ient 
oxygenation of the bkxxi. Rnally, if the patient basically 
is healthy but due to the artifksal ventilation of the lung 
system, the respiratory muscles has become weaker or 
the patient has become used to the artificial ventilatkin. 



a weaning protocol 36 is activated. wtik;h also wiD be 
descrbed in greater detail t>elow. Namally, these proto- 
cols always foik)ws in the same sequence: opening, 
reduction, maintenance arxJ weaning. 

5 The present artificial ventilation system is bask:ally 
based on the concept of prcvkling a sufficient oxygena- 
tbn of the bkxxj system with a mininiim of negative 
effects on the cardkhpubnonary system. In order to 
achieve this, the bask; function of the lungs, arxj in par- 

10 licutar the alveoli, must be conskJered. In FIG. 3 tttis is 
illustrated in a volume pressure diagram. In the diagram 
a cunra 35 is drawn to iUustratethe relatkm between vol- 
ume and pressure in a collapsed alveolus. In a first 
regk)n 35A of the curve 35. the pressure will inaease 

15 rapidly whereas the volume only increases slowly The 
reason for this was explained akxTve, relating to the 
LaPlace law. A high pressure is required in order to 
open up the alveolus. As the alveolus begin to inflate, 
the vdume inaeases, second regk)n 35B. more rapklly 

20 At one point 35C. the curve 35 turns. This point is 
referred to as the opening pressure Pqq of the alveolus. 
The alvec^ will then exparKJ, thereby causing an 
increase in volume at lower distenskm pressures. This 
continues all through a third region 350. until an equilit>- 

25 rium is reached. At this equilbrtum is a second turning 
point 35E. Further eo9>ansk}n of the alveolus will, due to 
the retroactive force of the tissue, require an increase in 
pressure This relationship is maintained up to a fourth 
regk)n 35F Here the alveolus Is so inflated, that the 

30 chest physk^ally hinders further expansk>n. Any 
increase in pressure at this stage can cause lung tissue 
damage and depresskxi of the cardky-vascular system. 
In the cfiagram the ctosing pressure Pc and kteal peak 
inspiratory pressure PIP and positive end expiratory 

35 pressure PEEP have been indk^ated. The difference 
between PIP and PEEP is the pressure amplitude AP 
for the inspiFatk)n pulsa This relatron is then extrapo- 
lated on the whole lung. 

A first method for realizing the logical sets of rules, 

40 or protocols, is shown in FIG. 4. The depk:tedf tow chart 
illustrates the different steps whk^h have to be taken, in 
order to obtain the optimal oxygenation. It couM here be 
suiting to first explain some further principles t>ehind the 
optimum artificial ventilatkm of a patient in addition to 

45 titose explained in connectkm with FIG. 3. The klea is to 
provkje suffkaent alveolar ventilation, i.a supply oxygen 
and renwve caston dioodde. This is, however, not suffi- 
cient Preferably, only air shouM be used (i e. a low 
inspired oxygen concentratton) and any damage on the 

50 cardk>-pulmonary system must t>e minimized. Oxygena- 
tion of blood is controlled by measuring partial pressure 
of oxygen (PaOg) instead of. for instance, saturation of 
GDcygen (SgO^. Pa02 is preferred since it reflects gas 
exchange even at 100% S^C^. Further, pressures, in 

55 particular peak irrspiratory pressure. PIP. arxi pressure 
amplitude of the inspiration pulse. shoukJ be as low as 
poss&jle. since th^ will then cause least physnal harm 
to the lungs and the cardkvascular system. Since respi- 
ratory rate (RR) and inspiratk)n/expirHtion time ratio (l:E 
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ratio) can effect the pressure within the lungs at the end 
of expiration, so called intrinstc positive end expiratory 
pressure (intrinsic PEEP or PEEPi), these are also var- 
ied in order to optimize them. 

For most patients, PIP. PEEP (PIP-PEEP = pres- s 
sure ampTitude), RR and l:E ratio can t>e optimized ty 
relativ^y sirrple means, thanks to the insights obtained 
by the invention. PqO^. blood pressure and expiration 
flow <t>E are the necessary measured parameters. The 
realization of the importance of and connection 10 
between these parameters has made real dosed loop 
ventlation possfele. 

Returning to FIG. 4. in the first block 38 the entire 
procedure begins. In the second block 40, measure- 
ments of the partial pressure of oxygen PqO^ and the is 
ventilatory corvJition. such as respiratory rate RR, are 
read ty the control unit A determination whether the 
lung is sufficiently open or not is then performed, block 
42. This determination is in this case basically based on 
the measured PqO^. If the measured P^Oz is lower than 20 
a predetermined threshold value, the lungs are deter- 
mined not to be open. If this is the case, output No in 
block 42. the opening protocol in tjlock 44 is activated. In 
the opening protocol procedure, the lungs are opened 
up and the oxygenation of the t>lood will thus imprcva 2s 
New settings may be required. Further measurement of 
PaOg and reading of settings are then performed again 
in Uock 40, before a further test of the condition of the 
lung is made in tkxM 46. 

At this stage it is checked whether a ctostng pres- 30 
sure Pc has been determined. If not. output No in block 
46, the reduction protocol, block 48 will be activated. 
When the reduction protocol has been run through, the 
measurements and readings of block 40 are performed 
again. During the reduction protocol procedure it is 35 
determined whether new settings are preferattle and 
whether there is hypc^entilation or hyperventilation 
present 

When the ctosing pressure P^. has been deter- 
mined, output Yes in bkxdc 46, the maintenance and 40 
weaning protocol is activated in block 50. The mainte- 
nance and weaning protocol procedure is made to keep 
the lung open and. finally, wean the patient from the 
dependency of the artificial verrtilation. In block 52, 
which follows the maintenance and weaning protocol, 45 
there is a test whether or not the weaning has been suc- 
cessful. If not output No In bk)ck52. the measurements 
and readings of block 40 are performed again. K. on the 
other hand, the weanirrg has t>een successful, output 
Yes in block 52, the treatment is at an end. bkKk 54, and so 
the patient can be disconnected from the artificial venti- 
lation system. 

Referring now to FIG. 5 - 17 a second method for 
obtaining an optimal ventilation of a patienfs lung sys- 
tem is described. ss 

The different protocols will also be descrbed in 
more detail in connection with the second method. 

In FIG. 5 a flow chart Utustrates the overall basis of 
the second method. The procedure begins with start 



block 56 and proceeds in block 58 with an attempt to 
fmd an optimal ratio between inspiration time and expi- 
ration time (l:E ratio). As long as it has not been fourxf, 
output No in btock 60, it will continue this procedure. 
When the optinium l:E ratio has been found, output Yes 
in bfock 60. an optimal respiratory rate (RR) is sought, 
bfock 62. As with the l:E ration the procedure of fmding 
the optimal respiratory rate (RR) will continue as fong as 
the optimal RR has rxTt been found. When the optimal 
RR is determined, output Yes in block 64, the second 
method proceeds, block 66, by finding the opening pres- 
sure Po. As with the previous determinations, a loop will 
continue between block 68 and block 66 until the operv 
ing pressure Pq is found. Blocte 66 and 68 tiius cone- 
spond to the opening protocol mentioned above. In 
some cases a "tnje" opening pressure Po win not be 
found (mainly due to very set^e conditions of the lung). 
The second method then proceeds with the reduction 
protocol, which begins in block 70 by finding the cfosing 
pressure Pc- The cfosing pressure Pc is basically the 
pressure at whKh the lungs will begin to collapse again, 
after having been opened up. In bfock 72, this test is 
performed until the dosing pressure Pc has been found. 
The found opening and cfosing pressures (P^^ PJ are 
then set sequentially and ttie lungs are maintained open 
according to the maintenance protoool in btock 74. The 
second method is oorxduded in block 76. with ttie wean- 
ing of ttie patient 

In FIG. 6 two diagrarrs are shewn. The first shews 
pressure in relation to time for an inspiration pulse 78. 
The inspiration pulse 78 has a low pressure on PEEP 
level and a peak pressure of PIP. The pulse 78 has an 
inspiration phase whfoh lasts during the inspiration time 
tj and expiration phase wtiich lasts during the expiration 
time ta- Below the pressure-time diagram a flow-time 
diagram depicts the ffow to and from the patient during 
inspiration and expiration. The flow curve 80 begins with 
a sharp increase up to a maximum inspiration f kw <^p| 
and an end inspiratory flow The end inspiration flow 
4>Ei should always t>e zero (0). The tidal vdumes will 
then have had time to be redisti^ed within the lung. 
During expiration, a high ffow is established at first, the 
peak expiratory ffow <I>pE since the pressure difference 
in the lungs and the ambient surroundings are high. At 
the end of the expiration, the end expiratory ffow 4>^ is 
measured. The end expiratory ffow, is larger than 
zero if a new inspiration pulse commences before ttte 
pressure difference between gas in the lungs and the 
ambient surrounding (tutxng) has been equalized. 
Based on ttie peak expiratory ffow and ttie end 
expiratory ffow 4>e£ a ratio of these can be calculated, 
i.e. the EEPk-ffow. Based on ttie EEPk-ffow. ttie opti- 
mum l:E ratio and optimum RR can tie determined, as 
shown in ttie ffow charts in FiGs. 7 and 8. 

The SLteteps for finding ttie optimum l:E-ratio in ttie 
secorxJ method are described in FIG. 7, where the first 
bfock 82 is ttte start block. The mentioned EEPk-ffow 
(EEPk<t>) is then corrpared wrtti a desired EEPk(t> value, 
in ttiis case 40. Since the end expiratory fkw 4>ee is 



7 



13 



EP0753^A1 



14 



always smaller than the peak exptratory flow <l»p5. the 
EEPIol> is always smaller than 1 . The desired value 40 
thus refers to the fraction, le. either 0.40 or 40%l The 
desired value, 40. used in this example, can be chosen 
from any value between 1 arvl 99, deperxJing on which 5 
patient is connected to the ventilation system (i.a age. 
size or weight, sex. reason for need of artificial ventila- 
tion, etc.). The selection of a good value can be made 
based on the knowledge datat>ase. A preferable interval 
for the desired EEPkd) is. however, 30-40. The same is 
valid for l:E ratia which usually is referred to as a per- 
centage. If the EEPk-flow exceeds this desired EEPk4> 
value, output No in block 84, the optimum l:E ratk) for 
the patient has been found. bk)ck 86. If the EEPk41ow is 
betow 40, output Yes in bk>ck 84, the l:E ratio is com- 
pared with a maxinjm setting for the l:E ratk), tkxk 88. 
Similar to the above, the value of the maximum l:E ratio 
depends on the patient and hisAter status. Any percent- 
age between 1 and 99% is possible. Again, the knowl- 
edge datat>a&e wuM provide a preferable value for the 
individual patient In this embedment the maximum l:E 
ratk) is 80%. If the l:E ratk) already is at the maximum, 
output No block 88, this l:E ratk) is used as the optimal 
l:E ratk) for the time being, since a better value can not 
be determined due to the patients condition. The 
sequence is then at an end, block 86. 

If, however, the l:E ratk) is below maximum, output 
Yes block 88, the l:E ratk) is compared with a first l:E 
ratk) thresh-old value, in this case 67%. If the l:E ratio 
exceeds 67%, output No tiock 90, a new l:E ratk) is set 
block 92. to be equal to the sum of 40 minus EEPk^low 
and current l:E ratia The procedure of determining and 
comparing the EEPk-4hm with the desired EEPk4> value 
in block 84 is then repeated. If however the i:E ratio is 
below 67%. output Yes in block 90, the EEPk-fk>w is 
compared to a ftrst EEPk^ threshokJ value in tkxk 94. 
In tt^s second comparison, the threshold value is 15. If 
ttre EEPk-fk)w exceeds 15, output No Uock 94, a new 
l:E ratio is set according to biodk 92. If, however, the 
EEPk-fk}w is below 15, output Yes block 94, the l:E ratio 
is set to the maximum value for the l:E ratia block 96. 
The test is then resumed in block 84 by determining arxi 
comparing the current EEPk-fk)w with the first EEPk^ 
threshoM value 

In a similar way, the flow chart in FIG. 8 illustrates 
the substeps required for finding tfie optimal respiratory 
rate RR. This procedure begins with start bkKk 98 and, 
as in the evaluatk>n of the optimal l:E ratio, the EEPk- 
flow is corrpared with a desired EEPk4> value, again 40, 
in bk}ck 100. If the EEPk-flow exceeds the desired 
EEPk4> value, output No, the optima] respiratory rate 
RR has been found and the procedure ends in ttock 
102. If. however, the EEPk-flow is bel(Nv the desired 
EEPk4> value, output Yes in block 100, the respiratory 
rate RR is compared to a maximum value for the respi- 
ratory rate RR in bfock 104. If the respiratory rate RR is 
already equal to the maximum value for the respiratory 
rate RR, output Na an optimum respratory rate RR (for 
the time being) has been found and the procedure ends 



in block 102. 

If the respiratory rate RR is betow the maximum 
value for the respiratory rate, output Yes btock 104, the 
EEPk-fkNv value is corrpared to a second EEPkct> 
threshoM value, block 106. In this case the second 
EEPk* threshoW value is 20. If the EEPk-ftow is above 
20. output Yes. a new respiratory rate RR is set to 2 
times the current respiratory rate RR. If the EEPk-f fow is 
above 20. output No bfock 106, the EEPk-ftow is com- 
pared to a third EEPk* threshoM value, in this case 30, 
in block 110. If the EEPk-ftow is above 30. output No, a 
new respiratory rate RR is set to 1.2 tinrtes the current 
respiratory rate RR in block 1 1 2 and EEPk-ftow is then 
determined arxl compared again with the first EEPI(d> 
threshold value of 40, block 100. 

If the EEPk^fow does not exceed the third EEPk^ 
threshoti of 30. output Vte in block 110, a new respira- 
tory rate RR is set to be equal to 1 .5 times the respira- 
tory rate in block 1 14 arxJ the evaluation of EEPk-ftow is 
resumed in bfock 100. 

These evaluation steps for l:E ratio and RR, as 
descrfoed in FIGS. 6 and 7. are then foltowed by the 
opening protocol. In FIG. 9 a series of inspiratton pulses 
1 16A-1 16F for determining an opening pressure Pq is 
shown. The first two inspiratton pulses 116A have a 
positive end expiratory pressure of PEEP^ and a peak 
inspiratory pressure of PIP^. They have an inspiratton 
time of tj and an expiration time of t^. The inspiratton and 
expiration times have been evaluated according to the 
schemes in FIG. 7 and 7 (t>oth l:E ratto and RR effect tj 
and tJ. If the first inspiratory pulses 1 16A liails to open 
up the lungs sufftotently, as indtoated by a suffkaent 
PqOs. a new inspiratton pulse or sequence of inspiratton 
pulses 116B is utilized. The second inspiration pulse 
1 16B has an elevated peak pressure PIP2 but the same 
PEEPi as the first inspiratton pulses 1 16A. In consecu- 
tive steps, the PIP and/or PEEP values will be inaeased 
as tong asthe lungs remain partially dosed. The proce- 
dure continues either until the lungs open up sufficiently 
or until maximum settings are reached for PIP and 
PEEP levels. 

The procedure for obtaining the opening pressure 
Pq and determining the inspiratton pulse sequence is 
descrit)ed in the flow chart in FIG. 10 where start bfock 
1 18 irxitoates the starting point for the opening protocol. 
The partial pressure of oxygen Pa02 is first analysed in 
block 120 (after delivery of a number of inspiratton 
pulses) and the measured PqO^ is conpared with a 
PgOz threshokl vahie for evaluating whether the lung is 
sufficiently open or not When the lungs are sufTidentty 
open, output Yes, the procedure has found the opening 
pressure Pq and the sequence ends in block 124. If the 
lungs are not sufTidently open, the procedure will 
instead continue with block 126, where the ttoal volume 
Vt is compared with a Vtthreshofo of 7 ml/kg. The exem- 
plified threshokl value (7 ml/kg) couto also be selected 
from a wtoer range, 1-20 ml/kg, depending on the 
patient Usually, values between 5 and 7 ml/kg are uti- 
lized. In other words, if the patient weighs 70 1^ in this 
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case the Vf threshold is 490 ml. The pati&ifs weight is 
entered on the control panel 1 0 a the monitor screen 1 6 
as described in connection with FIG. 1. In the attema- 
tive, the monitoring unit 14 can be provided with a 
scales 14F for weighing the patjerrt. Instead of we^ht 
body size could be used for determining the tidal vol- 
ume. The anrxMjntof fat on the patient will then not influ- 
ence the tidal volume value (amount of fat is not 
con-elated to the size of the lungs). 

If the tidal volume V, is above the V, threshold, out- 
put Yes, hypoventilation is looked for in Uock 128. 
Hypoventilalion means that the alveoli obtain an insuffi- 
aent ventilation and the content of carbon dioxide CO2 
thus inaeases in the lungs and the blood system of the 
patient If there is no hypoventilation, output No. the 
intrinsic PEEP is measured and compared with an 
allowed maximum intrinsic PEEP. If the intrinsic PEEP is 
t>elow the maximum intrinsic PEEP value, output Yes. 
the external PEEP is compared with a maximum exter- 
nal PEEP value in block 132. If the external PEEP does 
not exceed the maximum external PEEP value, output 
No. a new PEEP is set equal to the current PEEP + 2 
cmH20, btock 138. The procedure then resumes at 
block 120. the Pa02 analysts. Since it will take some 
time for the Pa02 to react on an inaease in the gas 
exchange, due to an increase in the amount of opened 
up alveoli, one or a few minutes will have to pass before 
measurement is made. 

If the external PEEP, however, is equal to or 
exceeds the maximum external PEEP value, output No 
in btock 132 an equation whether new maxima should 
bQ allowed or not is made, block 140. If a new maximum 
value for PEEP is to be allowed, the procedure resumes 
in block 120 with the new maximum PEEP valua Like- 
wise, if the intrinsic PEEP is found to be above the max- 
imum PEEPi value, output No in bkxk 130. it is 
evaluated, block 140. whether a new maximum value 
should be allowed. 

Going back now to Uock 126. where the tidal vol- 
ume Vt was compared with a V, threshokl of 7 ml/kg. If 
the tidal volume Vt is lower than this the procedure con- 
tinues with btock 1 42 and compares the current PIP with 
a maximum PIP valua The maximum PIP value couki 
t>e any value between 20 and 70 cmH20, but is prefera- 
bly between 40 and 60 cmH20. If the current PIP is 
lower than the maximum PIP value, output Yes, a new 
PIP is set equal to previous PIP + 2 cmH^O and the 
Pa02 analysis resumes in btock 120. However, shouM 
PIP be above the maximum PIP value, output No; it will 
again t>e equated whether new maxima could t>e 
allowed or not in block 140. Othenwise the procedure is 
at an end. btock 124, and the current PIP pressure is the 
opening pressure Pq. In such a case, the lungs canrwt 
be opened up without risking too much damage to the 
lungs. Finally, if hypoventilation is present output Yes in 
Uock 1 28, the PIP is again compared with the maximum 
PIP value in t)tock 142 and the procedure continues as 
described. Thereby an opening pressure Pq or the max- 
inrum alknved pressure will have to be found for ail lung 



systems. 

It shouM be noted that the opening pressure may 
also be found according to any other known procedure 
for finding an opening pressure, in particular those 

5 described in artier Swedish patent applications Nos. 
9502031 -9 and 9502032-7. Another way of obtaining an 
opening pressure is descrfoed in SE-C-5d1 560. 

As the opening pressure has t>een found, the sec- 
ond method proceeds with the reduction protocol, which 

10 corresponds to btocks 70 and 72 in FIG. 5. The fir^ 
phase of the reduction protocol is to determine at which 
pressure the lungs will collapse again, i.& the closing 
pressure P^- In FIG. 11. a series of inspiration pulses 
146A-146E is shown. These inspiration pulses 146A- 

75 146E correspond to the inspiration pulse sequence 
shown in RG. 9, but with reducing values for PIP and 
PEEP. Thus the secorxl inspiration pulse 146B has a 
tower PIP than the first inspiration pulse 146A and the 
third inspiration pulse 146C has an even lower PIP. For 

20 the fourth inspiration pulse 146D, both the PEEP and 
the PIP have been reduced and for the fourth and fifth 
inspiration pulses 146E and 146F, small changes in the 
PIP are mad& The procedure for finding the dosing 
pressure Pc is described in the flow chart in FIG. 1 2 and 

25 commences with the start btock 148. 

Similar to the steps for finding the opening pressure 
Po the Pa02 is analysed in block 150 and thereafter a 
check is made whether the lung is open or not in btock 
152. In all further references to measuring of PaQj. it is 

30 assumed that any changes in the condition of the alveoli 
has had time to influence the PaOa- When the lungs are 
open no tonger, the dosing pressure P^. has been deter- 
mined and tiie procedure for finding the dosing pres- 
sure will be ended in btock 154. However, this will 

35 normally not be the case in the beginning of the proce- 
dure and the lungs woukJ normally be open, output Yes 
btock 152. It is then checked whether severe hypoventi- 
lation is present btock 156. If there is severe hypoventi- 
lation, output Yes. it is checked whether external PEEP 

40 exceeds a minimum external PEEP value, btock 1 62. If 
external PEEP is tower than the minimum external 
PEEP value, output No. it is checked wh^er a new 
minima should be allowed, block 160. If not the proce- 
dure ends in Uock 154. If a new minimum value is 

45 altowed, output Yes, the procedure resumes with the 
analysis of PaOg in Uock 1 50. If external PEEP is higher 
ttian the minimum external PEEP value, output Yes, a 
new PEEP is set equal to tine current PEEP - 2 cmHgO, 
Uock 164 and the procedure resumes with the analyse 

50 of the PaO^ in Uock 150. 

If the check for severe hypoventilation, Uock 156 
results in a negative answer, output No, it is checked 
whether PIP exceeds the minimum PIP value in Uock 
166. If the PIP is lower than the minimum PIP value, out- 

55 put No, the procedure continues by checking for hyper- 
ventilation, Uock 158. Hyperventilation is caused by 
unnecessary high ventilation of the alveoli and is indi- 
cated by a low cartxm dtoodde production. This can be 
measured either in the expired respiratory gas or by 
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analysing the partial pressure of cartx>n dioxide PqCO^ 
in the blood, tf there is hyperventtiation, output Yes. it 
will be necessary to check whether new minimum val- 
ues should be allowed or not In Uock 160. Returning 
now to block 158 and the oorrtrol for hyperventilation. If s 
there is no hyperventilation, output Na PEEP is evalu- 
ated as described above in tkxk 162. 

However, if PIP is still above minimum, output Yes 
in block 166. the procedure continues in block 168 by 
checking whether the tidal volume rs lower than 7 io 
ml/kg (simitar to the check in connection with FIG. 10). If 
the tidal volume is indeed lower than this Vt threshold 
valua output Yes. the procedure continues by checking 
whether there is hypoventilation in block 170 and if so^ 
output Yes. it will resume with bkx:k 162. is 

If any of the checkings in blocks 168 and 170 falls 
out negative, that is, if the tidal volume V, is above 7 
ml/kg or if there is no hypwentilation, the cunerrt PIP is 
compared to a first PIP threshold value in ttodk. 172. In 
this case, the first PIP threshoti value is 40 cmH20. tf 20 
PIP is above the first PIP threshold value, which could 
very well be the case in the beginning of the dosing 
pressure (Pc) procedure, a new PIP is set equal to the 
current PIP minus a first predefined decrement, e.g. 3 
cmH20. block 1 74. After the new PIP has been set. the 2s 
PaOg is again analysed, block 150. Again, there should 
be a certain time lapse before the analysis is carried out 
to ascertain that any reactions in the lungs and bkxxl 
system due to the fowered PIP has time to take place. If 
ttie cun-ent PIP isalrearfy betow 40 cmH20, output No in 30 
Uock 172, the current PIP is compared with a second 
PIP threshold value in tkxk 176. TTie second PIP 
threshold value is in this case 25 cmH^ and if the cur- 
rent PIP exceeds this second PIP threshold value, out- 
put Yes. a new PIP is set to be equal to the current PIP 35 
minus a second pred^ned deaement ag. 2 cmH20, 
Uock 178. As before, when a new value has been set 
the PqOz is analysed in Uock 150. Should PIP be below 
even 25 cmH20. it will be is compared with a tfiird PIP 
threshoM value, Uock 180. The third PIP threshold is 40 
the programmed minimum PIP value, which coukJ be 
e.g. 20 cmHgO. Since PIP is normally a measured PIP 
value, it might at this stage be betow the minimum PIP 
value. altfKXigh it was above the minimum value in the 
control made in Uock 166. Should this occur, the proce- 45 
dure would resume at Uock 158, as was the case when 
the PIP was below tiie minimum PIP value in Uock 166. 
Isformally. however, at tiiis stage of the procedure, the 
current PIP will at least be abwe the minimum value, 
output Yes. arxl a new PIP is set to be equal to the cur- so 
rent PIP minus a third predefined deaement ag. 1 
cmHsO, Uock 182. The procedure then resumes by 
analysing the PaPg in Uock 150. This procedura with 
subsequent lowering of the PIP and PEEP values, con- 
tinues until the lungs are considered to have collapsed 55 
again. In other words, when the measured Pa02 tails 
t>elow a predetermined PgO^ threshold value or dis- 
plays a significant change between two Pa02 measure- 
ments which is above a certain defined level, the 



procedure will end. 

It shoukl be noted that changes In the Uood gas 
parameter [P^02i can also be used for determining new 
settings. For exanpla when determining opening and 
dosing pressures, the change in measured PgOg could 
be used for determining a new PIP or PEEP. 

When the dosing pressure Pc has been found, the 
next phasa the steps of mairrtaining the lung open, can 
folknv. This is shown in the flow chart in FIG. 13. The 
start is indicated in Uock 184 and the first thing to do is 
to set the determined opening and dosing pressures 
(Pq and PJ sequentially, Uock 186. S'nce tfiis proce- 
dure has the major task of maintaining the lungs open, 
this is checked in Uocks 187 and 188 by analysing Pa02 
arxi comparing it with the threshdd valua Should there 
at any time t>e disccvered that the lungs are not open, 
as reflected in the measured PaOz. a new opening pres- 
sure Pq and dosing pressure Pc must be found, i.e. the 
procedures descrbed in theftow charts of FIGS. 9 and 
1 1 would be repeated in order to find these two irrpor- 
tant pressure values. As tong as the lung remains open, 
output Yes, the maintenance procedure continues by 
checking for hyperventilation in Uock 192. If there is no 
hyperventilation present output No, it is instead 
checked whether hypoventilation is present. Uock 194. 
As long as there is no hypoventilation, output Na the 
haemodynamics are checked in Uock 195. These con- 
trda for hyperventilation in Uock 192. for hypoventila- 
tion in Uock 194 and for the haemodynamics in Uock 
195 are all irrportant parts in the main structure of the 
invention of ventilating the patient with the lowest pres- 
sures possiUe without impeding on the lung system or 
the Uood system, tf the haemodynamics are also OK, 
output Yes in Uock 195, the procedure is at an end in 
Uock 196. This procedure will then be repeated at pre- 
determined Intervals during the treatmerrt of the patient 
in order to make sure tfiat the patienf status is still sta- 
Ua 

Should there be hyperventilation present, output 
yes in Uock 192, it has to be evaluated whether this 
depends on the respiratory rata the PEEP pressure, 
the PIP. or if the dead space can be increased. This 
et/aluation procedure is shown in a ftaw chart in FIG. 14. 

This evaluation starts in triock 206 and the ftrst thing 
to do is to increase the respiratory rate by a factor of 1.2, 
Uock 208. Hyperverrtilation is then checked for, Uock 
210, and if the increase in tiie respiratory rate was suc- 
cessful there will no fonger be hyperventilation and tiie 
e/aluation ends in Uock 212. tf hyperverrtilation is stilt 
present, output Yes. it is checked whether the respira- 
tory rate RR has already been increased twica bkxic 
214. tf not respiratory rate is again increased by a fac- 
tor of 1.2. Uock 208 and hyperventilation is checked for 
again. If the respiratory rate RR has been increased 
twice, output yiss in Uock 214, then the respiratory rate 
will not t>e further increased. Instead, it is checked 
whether PEEP is greater tftan the maximum PEEP 
valua block 216. If PEEP is lower than the maximum 
PEEP valua PEEP will be increased by 2 cmHsO, Uock 
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218. It is then checked whether the increase in PEEP 
has had an effect on the hyperventilation, block 220. ff 
there is no hyperventilation any longer, the evaluation 
ends, tkxk 212, with the new settings for respiratory 
rate RR and PEER H. however, hyperventilation is stiH 
present PEEP will be increased in steps of 2 cmH^ 
until it reaches the maxirrtum PEEP value. If, during this 
time, hyperventilation has not ceased, the PIP will have 
to be decreased instead. Uock 222. PIP is decreased by 
1 cmH20. After this decrease rt is first checked whether 
the tungs are still open or not, Uock 224. If they are, it is 
checked whether the increase in PIP has been able to 
stop ttte hyperventilation, block 226. If there is no hyper- 
ventilation present the evaluatnn has been successful 
and ends in bk)ck 212. If there is still hyperventilation, 
the dead space of the verrtitation system is Increased, 
Uock 22a Dead space is then increased urrfil there is 
no hyperventilation pres&it After each increase in dead 
space, it is also checked whether the lungs are still suf- 
ftdentiy open. Uock 224. Should the measured PaOg 
indicate that the lungs are not open any longer, they will 
have to be opened up again, Uock 230, and the mainte- 
nance procedure will then have to resume again, Uock 
232. It should be noted that Uock 232. maintain the lung 
open, in FIG. 14 corresponds to the maintain lung open 
procedure described in FIG. 13. 

If the dead space has to be inaeased, there are 
several ways of solving this. The immediate solution is 
of course to physically increase the dead space, espe- 
cially by adding more tuUng between the patient and 
the artificial ^^ntilation system. However, this requires 
that the patient is disconnected from the artificial venti- 
lation system and if he/she has not recovered suffi- 
dentiy, this could cause the lungs to collapse. When the 
new tukxng have t>een added, the entire procedure may 
thus have to be repealed by starting the evaluation 
scheme from the beginning. This is the main reason 
why it is checked whether the lungs are still open after 
each increase in dead space. 

In FIG. 16 is shewn a connecting system 6 for the 
artificial ventilation system. The connecting system 6 
connects the respiratory gas driving unit 2 and the 
patient 4 to each other. The connecting system com- 
prises a mixing charrt}er 254 in which the gases from 
respective gas inlet 2A. 2B. 2C are mixed into the respi- 
ratory gas. The mixed respiratory gas is lead via a inspi- 
ration tube 256 to a tiacheal tube 258 or a 
corresponding connection tube to the patient Expired 
respiratory gas is lead from the patient via the tracheal 
tube 258 and an expiration tU>e 260. On the tracheal 
tube 258 a section 262 consisting of a expandaUe-conv 
pressa^le material could t»e placed for affecting the dead 
space without disconnecting the patient By expanding 
the section 262, the dead space will increase 

Another way of exparxiing tiie dead space is 
achieved by the use of a first valve 264 and a second 
valve 266. The first valve is located witiiin the expiration 
tube 260 arxi may control the flow in the expiration tut>e 
260. The second valve 266 is located in a connection 



betwe^ the inspiration tut>e and the expiration tube 
within the gas delivery unit 2. The second valve 266 is 
normally dosed and the respiratory gas passes through 
the connection system 6 as descnl)ed. However, by 

5 opening the second valve 266 and dosing the first vafve 
264 during the last part of the expiration, expAred gas 
will not t>e aUe to ftow in the expiration tut)e 260, since 
this has been sealed off by the first valve 264. Instead 
the expired gas will fkw into the inspiration tut>e 256 in 

10 the direction towards the opening between the inspira- 
tion tut)e 256 and expiration tut>e 260, i.a the second 
valve 266. A part of the inspiration tut>e 256 will then act 
as an extension of the tracheal tube 258, or operate as 
an expansk)n of the section 262. As the next inspiration 

15 pulse is delivered the first valve 264 will open and the 
second valve 266 will dose and the inspiration will com- 
mence as any other normal inspiration.. 

A further gas connection 268 is also induded in the 
system. The further gas connection is connected to a 

20 contrdlaUe gas source and ends in the tracheal tube 
258. The flow of gas within the further gas tut}e 268 can 
t>e contrdled simultaneously with the respiratory gas 
flow, so that the total amount of gas supplied to the 
patient is controlled at a high degree. The further gas 

25 tube 268 could be used in a yet further way of increas- 
ing dead space, or rather, to obtain a similar effect. 
Instead of physically changing dead space, a small con- 
tent of carbon dioxide coukJ be added to the respiratory 
gas either directly through one of the gas inlets 2A, 2B, 

30 2C or via the further gas tube 268. This addition of car- 
bon dioxide could be operated so It supplies a small 
anxHint of cartx>n dioxide at the or^ of inspiration, 
whereby it wouM simulate an increased dead space. 
The amount of added cartxMi cfioxide could be calcu- 

35 tated for each individual patierrt by comparing either 
with values measured when there was no hyperventila- 
tion or with the body weight or with other catenations. 

When all the checkings, resulting from the detection 
of hyperventilation, have t>een made and evaluations 

40 have resulted in a new setting of any kind, the mainte- 
nance procedure in FIG. 13 resumes. 

(Referring again to FIG. 13) Should there instead be 
hypoventilation present output Yes in Uock 194, there is 
an evaluation made in Uock 200 whether the dead 

45 Space is too large or whether there is a wrong peak 
inspiratory pressure PIP. This evaluation is shown in 
FKx 15. which commences with the start Uock 234. 
First it is checked whether the dead space exceeds the 
minimum value of the dead space, Uock 236. If the 

50 dead space exceeds the minimum value, the dead 
space is decreased, Uock 238. Thereafter it is again 
checked whether there is hypoventilation or not Uock 
240. If not the evaluation is over, Uock 242. As ksng as 
there is hypoventilation and the dead space exceeds 

55 the minimum value, this sequerx^ is repeated. If there 
is still hypoventilation when the dead space reaches the 
mirumum value of the dead space, output No in Uock 
236, it is checked whether the cunent PIP exceeds the 
maximum PIP allowed, Uock 244. If the current PIP 
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does not exceed the maximum PIP, the current PIP 
value is increased by 1 cmf^O, block 246. As for the 
evaluation desoribed for hyperventilation situations, PIP 
is then increased by 1 cmHgO until hypoventilation 
ceases, or the maximum PIP Is reached. Again, the 
maximum PIP ensures that damaging pressures are 
avoided. Thus, hypoventilation is looked for. block 248. If 
the hypoventilation has ceased before the cun-ent PIP 
has reached the maximum PIP, the evaluation is at an 
end in block 242. If. however, hypoventilation persists, 
output Yes in tkxM. 246. and the current PIP has 
reached the maximum PIP. then hypoventilation has to 
be accepted for the time being and the evaluation 
comes to an end in block 242. 

In similarity to the hyperventilation condition the 
dead space could easily be changed by physically 
removing some of the tubing which causes the hypov- 
entilation to occur in the patient Again this would mean 
that the entire procedure may have to be repeated, 
since the patiertTs lungs risk to collapse during the dis- 
connection of the patient Referring again to FIG. 16, 
the patient does not necessarily have to be discon- 
nected. The exparxlable section 262 couM be com- 
pressed in order to decrease the dead space. Another 
way of decreasing the dead space is to provide air at the 
end of the expiration phase via the furtiier gas tut>e 268. 
Hereby the last expired volume will be nruxed with a 
defined amount of air and as the inspiration phase com- 
mences the rebreathed amount of respiratory gas will 
be }ON&. If tf« dead space has been increased by utiliz- 
ing the abcve descrbed function (FIG. 16) of the first 
valve 264 and the second valve 266. the dead space 
may easily be decreased by going back to a normal 
inspiration/expiration timing, i.e. not utilize this function 
of the first valve 264 and second valve 266. 

If the check for haemodynamics, Uock 195 In FIG. 
13. should indicate that there is haemodynamic depres- 
sion, it will be necessary to check if there is a pneumot- 
horax, i.e. if air enters the pleural space in the lungs, 
t)lock 201. Pneumothorax is in many cases caused by a 
penetration of the chest wall. In open pneumothorax the 
lung will collapse and not contribute to the ventilation. 
During artificial ventilation tfiere is however a higher 
probability that there will t>e a closed pneumothorax. 
The dosed pneumottiorax is a nipture in the lung, caus- 
ing a direct connection between the tironchia] system 
and the pleural space. If tiiere is a pneumotftorax 
present output Yes, the pressure nust be relieved, 
tilock 202. e.g. by inserting a chest tube. The haemody- 
namics are preferably controlled by checking for cardio- 
vascular depression based on the bkxxl pressure 
measurements made by the monitoring unit. Other 
known measurements indication haenxxJynamic 
depression caa of course, also be used. 

If there are cardiovascular depression but no pneu- 
mothorax, output No in block 201 , or if a pneumottiorax 
has been relieved at an earlier stage, an intravascular 
fluid challenge should be given, block 204. If the fluid 
challenge is successful more fluids should be given up 



to an allowed maximum volume. Thereafter cartfiGvas- 
cular active drugs should be given to tile patient in order 
to overcome these distresses and negative skle-effects 
for the patient When all these measures have been 

5 taken, which a physician could irviicate by queuing a 
certain code on the control panel or on the monitor 
screen in ttie artificial ventilator system the mainte- 
nance sequence is at an end in tilock 196. 

At predetermined time intervals the control unit will 

10 run through the maintenance procedure 

When the patient has improved suffidentiy. it is time 
for weaning him/her. The basic prindple when weaning 
a patient is not to force the patient to breathe spontane- 
ously immediately. Sfowly at first and then, when the 

15 patient takes a suffksent amount of spontaneous 
breaths, a more rapid transition from tiie controlled ven- 
tilation to support modes of ventilation. 

In FIG. 17 this is described by a flow chart. The 
weaning protocol, or procedure, commences in bfock 

20 270. As for the preceding protocols, the PqO^ is meas- 
ured, bfock 272. The measured FgPz then compared 
with a first threshoM T1 . tilock 274. The first threshold 
T1 corresponds to a level of good oxygenatioa It should 
be remembered that at this stage In the treatment of a 

25 patient the lungs are open and the patient practically 
recovered from the condtion wftich required the artificial 
ventilation. 

Should the measured P^O^ be kwer than the first 
threshoM T1. output it is compared with a second 

30 threshold T2, bfock 276. The second threshdd T2 cor- 
responds to a level of oxygenation which is considered 
suffident. If the measured PJ^ is equal to. or exceeds 
the second threshofo T2. i.e. falls between the first 
threshold T1 and the second threshofo 12. the current 

35 settings are maintained for the time being, and a new 
measurement of PqO^ is performed after a predeter- 
mined time lapse, in this case 10 minutes, bfock 278, 
and the procedure resumes with block 272. 

Should the measured PaO^ t>e equal to. or exceed 

40 the first threshofo T1 in bfock 274, the patients sponta- 
neous respiration rate (RRg) is measured and conv 
pared with a RRe threshoU. biodk 280. The RR^ 
threshold correlates to a suffiderTt spontaneous t>reatfv 
ing. arxJ if the measured spontaneous rate exceeds this 

45 threshold, output Yes. the weaning is at an end, bfock 
282. 

However, should the rrteasured spontaneous respi- 
ratory rate be insufficient or if the measured PaOa is 
fower than the second threshofo T2. an evaluation of ttie 

50 settings is made, bfock 284. before the procedure 
resumes again in block 272 - with new settings. 
Depending on whether the measured Pa02 was too lew 
or the measured spontaneous respiratory rate was too 
fow, the cunrent settings of PIP. PEEP, RR and l:E ratio 

55 can be increased or decreased. 

It should be noted ttiat the figures used in the 
description for threshofo values, as well as for minima 
and maxima, are purely given as examples. These fig- 
ures couki be different depending on. inter aTia, the spe- 
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des treated (human or animal), age (neonatal, infant 
child, aduh) and kind of illness. In the most straighttor- 
ward realisation of the arttfidal ventilation system 
aocording to the invention, it could be adapted to auto- 
matically treat at least 90-99% of all adutis, and require 
overriding settings from a physician in the remaining 
cases (before they too can be treated automatically). 

Claims 

1. An Artificta] ventilation system comprising a respi- 
ratory gas delivery unit (2), connectable to a lung 
system of a living b&ng (4) for generating and deliv- 
ering oontrollable inspiration pulses (78) of respira- 
tory gas to the lung system, a regulating unit (8) 
connected to the respiratory gas delivery unit (2) for 
controlling the generation and delivery of inspiration 
pulses (78; 116A-116F; 146A-146F) based on a 
corrtrol signal sifiptied to the regulating unit (8), a 
monitoring unit (1 4. 1 4A-1 4F) for measuring at least 
one parameter related to the function of the lung 
system and a control unit (22) connected to the 
monitoring unit (14. 14A-14F) for d^ermining a 
change in an insf»ration pulse parameter, charac- 
terized in that the monitoring unit (14, 14A-14F) 
comprises a blood gas analyser (1 4 A) connected to 
the btood system of the living being (4) for measur- 
ing a blood gas parameter and the corrtrol unit (22) 
determines an optimal peak inspiratory pressure 
(PIP) and pressure amplitude for the oontrollaUe 
inspiration pube (78; 116A-116F; 146A-146F) 
based on the measured bkxxJ gas paranreter, 
which optimal peak inspiratory pressure (PIP) and 
pressure anplitude are intended to provide a sufTi- 
ctent oxygenation of tfie blood system with a mini- 
mum of negative cardio-pulmonary influence, such 
as barotrauma, volutrauma. overdistension and 
hypQxk: vasoconstriction. 

2. Ventilation system according to daim 1 , character- 
ized In that the Uood gas analyser (14A) measures 
the partial pressure of oxygen (Pa02) in the bkxxJ 
system arxl the control unit (22) determines a mini- 
mum peak inspiratory pressure (PIP) and pressure 
amplitude, for which the measured P^Os exceeds a 
predetermined P^Og threshokl value. 

3. Ventilation system accord ng to daim 1 or 2. char- 
acterized in that the monitoring unit (14, 14A-14F) 
further comprises a flow meter (14B) for measuring 
the flow (<P) of respiratory gas to and/or from the 
lurtg system and the control unit (22) determines 
one or several of the inspiration pulse parameters: 
external positive end expiratory pressure (PEEP^), 
respiration rate (RR) and inspiration/expiration time 
ratio (l:E ratio). 

4. Ventilalion system according to daim 3. character- 
ized In that the contrd unit determines an end 



expiratory fkw (O^g) and a peak expiratory fkw 
(<I>pe) and determines an optima) respiration rate 
(RR) and/br an optimal inspiration/expiration time 
ratio (l:E ratio) t>ased on the quotierrt t>etween the 
5 determined end expiratory flow (<I>ee) and peak 
expiratory fkMv (4>pe). 

5. Ventilation system according to any of the above 
daims, characterized by a monitor saeen (16, 18) 
10 connected to ttie monitoring unit (14. 14A-14F) for 
dsplaying measured parameters and/or connected 
to the control unit (22) for displaying determined 
inspiration pulse parameters. 

15 6. Ventilatfon system according to any of the aSywe 
daims, characterized In that the control unit (22) 
g^erates the control signal based on the deter- 
mined cfiange in the inspiration pulse param^er. 

20 7. Ventilation system according to any of the abcNQ 
daims, characterized by a control panel (10) con- 
nected to the regulating unit (8) for prwiding a fur- 
ther control signal tiased on a manually entered 
setting of ventilation modes and/or inspiration pulse 
25 parameters, whereby a further setting on the con- 
trol panel (10) determines whether the control sig- 
nal or the further control signal has precedence. 

8. Ventilation system according to any of the above 
30 daims, characterized bi that the contrd unit (22) 

determines an opening pressure (PJ of the lung 
system. 

9. Ventilation system according to daim 8, character- 
as Ized In that the contrd unit (22) detemiines a dos- 
ing pressure (Pc) of the lung system. 

ia Ventilation system according to any of the above 
daims, characterized In that the Uood gas ana- 
40 lyser(l4A) measures the partial pressure Of carbon 
dioxide {PaC02) in the bfood system. 

11. Ventilation system according to any of the atxTve 
daims. characterized In ttiat the nxyiitoring unit 

45 (14. 14A-14F) comprises a CO^-meter (14E) for 
measuring the CO2 content of expired respiratory 
gas and the control unit (22) detennines any or sev- 
eral of the CXVpiarameters: end tidal CO2. CO2 
minute production, CO2 tidal production, ineffiective 
50 tidal volume, effective tidaJ volume and effective 
ventilation. 

12. Ventilation system according to daim 10 or 11, 
characterized In ttiat the control unit (22) at prede- 

55 termined intervals determines whether hypoventila- 
tion is present 

13l Ventilation system according to daim 12, charac- 
terized In that, when hypoventilation is present the 
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control urat (22) deterrnnes a change in the peak 
inspiratory pressure (PIP) and/or the dead space 
(DS) of the artiftdal ventilalion system for removing 
the hypoventilation conditton. 

5 

14. Ventilation system according to any of the claims 
10-1 3. characterized in that the control unit at pre- 
determined intervals determines whether hyper- 
ventilation is present 

10 

15. Ventilation system according to daim 14. ct^rao- 
terized in that when hyperventilation Is present 
the control unit determines a change in the peak 
inspiratory pressure (PIP) and/or the positive end 
expratory pressure (PEEP) and/br the dead space is 
(DS) of the artificia) ventilalion system and/br the 
respiratory rate for removing the hyperventilation 
corxlition. 

16. Ventilation system according to any of the above 20 
claims, characterized In that the monitoring unit 
(14. 14A-14F) comprises a blood pressure meter 
(14D) for measuring a Uood pressure of the bfood 
system and the control urtrt (22) at predetermined 
intervals determines whether cardiovascular 25 
depression is present and if cardiovascular 
depression is present, the control unit (22) virill gen- 
erate a cardiovascular depression signal, which 
cardiovascular depression signal preferably can be 
utilized for generating an audbleArteual alarm 30 
and/or for controlling an inspiration pulse parame- 
ter. 

17. Ventilation system according to any of the akx)ve 
claims, characterized In that the control unK (22) 35 
determines a new inspiration pulse parameter by 
iteratively changing the inspiration pulse parameter 
anA monitoring the effect in the measured parame- 
ter(s) after a predetermined numt)er of inspiratfon 
pulses, having the new inspiration pulse parameter, 40 
have been d^ivered to the lung system. 

IS. Metfiod for controlling an artifidal ventilation sys- 
tem, oonnectatie to the lung system of a living 
being, characterized by the steps of: 45 



19. Method according to claim 18, characterized in 
that step a) comprises the following sub-steps: 

a1) reading a current l:E ratk); 
a2) measuring an end expiratory flow (^e): 
a3) measuring a peak expiratory flow (<I>pe): 
a4) calculating a EEPkclwatio between the 
measured end expiratory flow and the 
peak expiratory fkw (^e): 
a5) conparing the calculated EEPk4Katio with 
a predetermined first EEPk4>-threshold value; 
aS) if the calculated EEPk4>-ratk> exceeds the 
first EEPk*-threshold value, detenmining the 
cunent l:E ratio as the optimal l:E ratio; 
a7) if the calculated EEPk(I>-ratk> does not 
exceed the first EEPk<I>-threshoM value, com- 
paring the current l:E ratio with a predeter- 
mined maximum l:E ratk>; 
a8) if the cun-ent l:E ratio exceeds the predeter- 
mined maxinujm l:E ratio, determining the cur- 
rent l:E ratio as the optimum l:E ratio: 
a9) if the cun-ent l:E ratio does not exceed the 
predetermined maximum l:E ratio, comparing 
the current l:E ratio with a predetermined l:E 
ratk) threshold; 

alO) if the current l:E ratio exceeds the prede- 
termined l:E ratio threshold, cateutating a new 
l:E ratk), which is equal to the difference 
between the first EEPk^threshokl value minus 
the calculated EEPk<f>-ratio and the current l:E 
ratio and repeating the procedure from sub- 
step a1); 

a1 1) rf the current l:E ratio does not exceed the 
predetermined l:E ratio threshold, comparing 
the cateutated EEPk(I>-ratio ratio with a second 
EEPkO-threshokJ value; 
a12) if the calculated EEPk(I>-ratio exceeds the 
second EEPk4>>threEhokj value, setting a new 
l:E ratio to be equal to the maximum l:E ratio 
and repeating the procedure from sut>-step a1); 
a13) if the cateulated EEPk<l>-ratio does not 
exceed the second EEPk(t>-threshoM value, 
determirrtng the current l:E ratio as ttie opti- 
mum l:E ratia 

2a Method according to daim 19, ctraracterized In 
that the first EEPk^threshoki value is between 30 
and 40, the second EEPkothreshold value is 
between 10 and 20 and the l:E ratio threshokJ is 
preferably between 60 arxJ 80%. 

21 . Method according to any of the daims 18-20, char- 
acterized in that step b) comprises the following 
sut>-steps: 

b1) reading a currerrt respiration rate (RR); 
b2) measuring an end expiratory ftow (4>^e); 
b3) measuring a peak expiratory fkyw (<I>pe); 
b4) calculating a EEPk4>-ratio between the 



a) determining an optimal ratio between inspi- 
ration time and expiration time (1:E ratio); 

b) determining an optimal respiration rate (RR); 

c) determining an opening pressure (PJ of the so 
lung system; 

d) determinirtg a dosing pressure (PJ of the 
lung system; 

e) at intervals order a monitoring of the condi- 
tion of the lung and, if necessary determine a 55 
diange in an inspiration pulse delivered to the 
lung system; 

f) ordering a change in the inspiration pulse for 
provoking spontaneous respiration. 
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measured end expiratory flow (<i>ee) ^ 
peak expiratory flow {4>pe): 
b5) comparing the calculated EEPk(t>-ratto with 
a predetermined first EEPkMireshold value; 
b6) if the calculated EEPk4Hatk> exceeds the s 
fust EEPk<l>^eshold value, determining the 
current respiration rate (RR) as the optimal res- 
piration rate; 

b7) if the caJcutated EEPkttHBtto does not 
exceed the first EEP}cc|>-threshold value, com- 10 
paring the currerrt respiration rate (RR) with a 
predetermined maximum respiration rate; 
b8) if the cunent respiration rate (RR) exceeds 
the predetermined maximum respiration rate, 
determining the current respiration rate (RR) as is 
the optimum respiration rate; 
t>9) if the current respiration rate (RR) does not 
exceed the predetermined maximum respira- 
tion rate, comparing the calculated EEPk^ 
ratio with a second EEPk(I>-threshold value; 20 
blO) if the calculated EERkdnatio exceeds the 
seoorvj EEPk(I>-threshoki value, comparing the 
cateulated EEPka)-fatio with a third EEPkO 
threshold value; 

b1 1) if the cateulated EEPkdMatio exceeds the 25 
third EEPk4>-threshokl value, determining a 
new respiration rate (RR) to be equal to the 
current respiration rate (RR) multiplied by a f irst 
factor and repeating the procedure from sub- 
step b1); 30 
b12) if the calculated EEPkdMatto does not 
exceed the third EEPk4>-threshold value, deter- 
mining a new respiration rate (RR) to be equal 
to the current respiration rate (RR) multiplied tiy 
a second factor and repeating the procedure 35 
from sub-step b1); 

b13) if the cateulated EEPk(I>-ratto does not 
exceed the second EEPI^threshoM value, 
determining a new respiration rate (RR) to t>e 
equal to the current respiration rate (RR) multi- 40 
plied by a third factor and repeating the proce- 
dure from sub-step b1). 

22. Method according to daim 21, characterized In 
that the first EEPk^threshold value is 40. the sec- 4s 
ond EEPk4>-threshold value is 20. the third EEPk^P- 
threshold value is 30. the first factor is 1.2. the sec- 
ond factor is 1.5 and the third factor is 2. 

23. Method according to any of the claims 18-22, char- so 
acterized in that step c) comprises the following 
sub-steps: 

c1) obtaining the lean body weight of the living 
being; ss 
c2) delivering a predetermined number of inspi- 
ration pulses havirtg a current peak inspiratory 
pressure (PIP) and a current positive ervJ expir- 
atory pressure (PEEP); 



c3) measuring the partial pressure of oxygen 
(PaOz) in a Uood system of the living being; 
c4) comparing the measured P^Og with a pre- 
determined Pa02 threshoW value; 
c5) if the measured F^Oz exceeds the prede- 
termined Pa02 threshold value, determining 
the PIP as the opening pressure (PJ and stor- 
ing the determined opening pressure (PJ and 
current PEEP; 

c6) if the measured PaO^ does not exceed the 
predetermined Papg threshold value, measur- 
ing an inspiratkm fk>w (4>) to the living being, 
determining a tidal volume (V|) of supplied res- 
piratory gas. cateulat'ng a quoti^ t>etween the 
determined tidal volume (V^) and the lean body 
weight and comparing calculated quotient with 
a predetermined V, threshold value; 
c7) if the cateulated quotient exceeds the pre- 
determined Vf threshoM value, measuring a 
cartxxi dksdde content (CO^ content) and 00m- 
paring the measured C02 content with a pre- 
determined C02 content threshoM value; 
cB) if the cateulated quotient does not exceed 
the predetermined Vt ttireshoU value or if the 
measured C02 content exceeds the predeter- 
mined C02 content threshoU value, conparing 
the current PIP with a predetermined maximum 
PIP value; 

c9) if the current PIP does not exceed the max- 
imum PIP value, setting a new current PIP to 
be equal to the current PIP plus a first predeter- 
mined increment and repeating the procedure 
from substep c2); 

C10) if the measured C02 content does not 
exceed the predetermined C02 content thresh- 
old value, measuring the intrinsic positive end 
expiratory pressure (PEEPi) and comparing it 
with a predetermined maximum PEEP| value; 
c1 1) if the measured PEEP) does not exceed 
the predetermined maximum PEEP-, value, 
corrparing the current PIP with the maximum 
PIP value; 

c12) if the current PIP does not exceed the pre- 
determined maximum PlP value, setting a new 
current PIP to be equal to the current PIP plus 
a second predetermined increment setting a 
new current PEEP to be equal to the current 
PEEP plus a third predetermined increment 
and repeating the procedure from substep c2); 
c13) if the current PIP exceeds ttie predeter- 
mined maximum PIP value, comparing the cur- 
rent PEEP with a predetermined maximum 
PEEP value; 

c14) if the current PEEP does not exceed the 
predetermined maximum PEEP value, setting 
a new cun-ent PEEP to be equal to the current 
PEEP plus a fourth predetemrtined increment 
and repeating the procedure from sut>step c2); 
c1 5) if the current PEEP exceeds the predeter- 
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mined maximuni PEEP value, or if the PEEP; in 
substep c10) exceeds the predetermined max- 
imum PEEPj value, or if the current PIP in sut)- 
step c8} exceeds the predetermined maximum 
PIP value, determining whether a new maxh 5 
mum PIP value, a new maximum PEEP^ value 
or a new maximum PEEPj value should be 
allowed; 

c16) if new maxima are not allcwed, determin- 
ing the cun'ent PIP as the opening pressure 10 
(Pq) and storing the d^ermined opening pres- 
sure (PJ and current PEEP; 
c16) if new maxima are allowed, setting these 
and repeating the procedure from substep c2). 

15 

24. Method according to daim 23. characterized in 
that the predetermined Vt threshold value is prefer- 
ably between 5 and 7 ml/kg, the first predetermined 
increment is 2 cmMgO, the second predetermined 
increment is 2 cmHsO, the third predetermined 20 
incremerrt is 2 cmt^O aixJ the fourth predeter- 
mined increment is 2 cmHgO. 

25. Method acoordng to any of the claims 1 8-24, dmr- 
acterized in that step d) corrprises the follGwing bs 
sub-steps: 

d1) delivering a predetermined number of 
inspiration pulses having a cun-ent peak inspir- 
atory pressure (PIP) and a cunrent positive end 30 
expiratory pressure (PEEP); 
d2) measuring pressure in or near the lung sys- 
tem, respiratory gas fkMv, partial pressure of 
oxygen (PaOg) in the blood system and a C02 
content, either in expired air or in the blood sys- ss 
tern: 

d3) comparing the measured PgOg with a pre- 
determined Pa02 threshold value: 
d4) if the measured Pgp2 ^^^^ ^ exceed the 
predetermined P^Oz threshold value, deter- 40 
mining the cun-ent PIP as the dosing pressure 
(Pc) and storing the determined dosing pres- 
sure (Pc) and cun-ent PEEP; 
d5) if the measured Pa02 does not exceed the 
Pa02 threshold value, comparing the C02 con- 45 
tent is compared with a first predetermined 
CO2 content threshold value; 
d6) if the CC^ content exceeds the first prede- 
ternrtined CO2 content threshold value, com- 
paring the current PIP with a predetermined so 
minimum PIP value; 

67) if the cun-ent PIP exceeds the predeter- 
mined minimum PIP value, determining the 
tidal volume (VJ and corrparing it with a prede- 
termined Vt threshold value ; 55 
d8) if the determined tidal volume (VJ does not 
exceed the predetermined Vt threshold value, 
comparing the CO2 corrtent with a secorxJ pre- 
determined CO2 content threshold value; 



d9) if the determined tidal volume (V^ exceeds 
the predetemnined Vt threshold value or if the 
CO2 content does not exceed the second pre- 
determined CO^ threshold value, comparing 
the current PIP with a first PIP threshold value; 
dIO) if the current PIP exceeds the first PIP 
threshold value, setting a new current PIP to be 
equal to the current PIP minus a first predeter- 
mined decrement arxf repeating the procedure 
from substep d1); 

d1 1) if the current PIP does not exceed the f[rst 
PIP threshold value, conparing the current PIP 
with a secofxJ PIP threshold value; 
d1 2) if the current PIP exceeds the second pre- 
determined PIP threshold value, setting a new 
current PIP to be equal to the current PIP 
minus a second predetermined decrement and 
repeating the procedure from substep d1); 
d13) if the current PIP does not exceed the 
second predetermiried PIP threshold value, 
comparing the current PIP with a predeter- 
mined minimum PIP value; 
d14) if the current PIP exceeds the predeter- 
mined minimum PIP value, setting a new cur- 
rent PIP to be equal to the current PIP minus a 
third predetermined decrement and repeating 
the procedure from substep d1); 
d1 5) if the current PIP does not exceed the pre- 
determined mininrum PIP value, or if the CO2 
content in sutistep d5) exceeds the first prede- 
termined CX>2 threshold value, or if the cun^ent 
PIP in sut}step d6) does not exceed the prede- 
termined minimum PIP value, or if the CO2 
content exceeds the second predetermined 
CO2 threshold value, comparing the CO^ con- 
tent with a third threshold value; 
d16) if the CO2 content exceeds the third CO2 
threshold value, comparing the cunent PEEP 
with a predetermined minimum PEEP value; 
d1 7) if the current PEEP exceeds the predeter- 
mined minimum PEEP value, setting a new 
cun-ent PEEP to be equal to the current PEEP 
minus a fourth decrement and repeating the 
procedure from sut>step d1); 
d18) if the current PEEP does not exceed the 
predetermined minimum PEEP value or if the 
CO2 content does not exceed the third CO2 
content threshold value, determining whether a 
new minimum PIP value, or a new minimum 
PEEP value can be allowed; 
d19) if new minimum values are allowed, set- 
ting the new minimum values arvi repeating the 
procedure from sut}step d1 ); 
d20) if new minimum values are not alkMred, 
determining the current PIP as the closing 
pressure (P J and storing the determined dos- 
ing pressure (Pg) and current PEEP. 

26. Method according to daim 25. characterized En 
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that the predetermined threshold value is preler- 
at^ between 5 and 7 ml/kg, the first predetermined 
PIP threshofd value is preferatjly between 30 and 
45 cmHgO, the second predetermined PIP thresh- 
old value is preferabfy between 20 and 30 cmHsO, 5 
ttre Tcrst predetermined decrement Is 3 cmf^O, the 
second predetermined decrement is 2 cmH^. the 
third predetermined deaement is 1 cmHgO and the 
fourth predetermined decrement is 2 cmHzO. 

10 

27. Method according to any of the claims 18-26, char- 
acterized in that step e) comprises the following 
sub^eps: 

el) measuring pressure. CO2 content. P^Oz is 
and blood pressure; 

e2) comparing measured Pa02 with a predeter- 
mined PaOg threshold; 

e3) if the measured P^Oz does not exceed the 
predetermined Pa02 threshold value, repeating 20 
steps c) and d); 

e4) if the measured Pa02 exceeds the P^Oz 
threshold, comparing the CO2 content with a 
first predetermined CO2 threshold value; 
eS) if the CO^ content exceeds the first prede- ss 
tem^ned CO2 threshold value, altering the set- 
tings for respiratory rate (RR), positive erxJ 
expiratory pressure (PEEP), peak inspiratory 
pressure (PIP) and/or dead space (OS) until 
the measured CO^ content no longer exceeds 30 
the first predetermined CC^ threshold value: 
e6) if the CO2 content does not exceed the first 
predetermined CO^ threshold value, compar- 
ing the CO2 content with a second predeter- 
mined CO2 threshold value; 3S 
e7) if the CO2 content exceeds the second pre- 
determined CO2 threshold value, attertng the 
settings of dead space (DS) and/br peak inspir- 
atory pressure (PIP) until the CO2 corrtent does 
not exceed the secorxJ predetermined CO2 ^ 
threshold value or until maximumAninimum val- 
ues for dead space arxl PIP are reached; 
e8) if the CO^ content does not exceed the sec- 
ond predetermined CO2 threshold value, con> 
paring the tilood pressure with a 45 
predetermined blood pressure interval; 
e9) if the measured blood pressure falls within 
the predetermined blood pressure interval, 
ending step e); 

e10) if the blood pressure falls outside the pre- so 
determined blood pressure interval, gerterating 
an alarm. 



17 



EP0^320A1 




2C 



10 



12^ 




^6 


OOO 

ooo 


OS 












FIG 1 




Opening protocol 



> 



Reduction protocol 



> 



Maintenance protocol 



Weaning protocol 



FIG 2 



18 



EP0753^A1 




FIG 3 



19 



EP0 753320A1 



38 

START [ 

I 40 




and weaning 



protocol 




Bnd treatment 



FIG 4 



20 



EP0753320A1 



Closed loop 
control scheme 
START 




Bnd 



FIG 5 



21 



EP0753 320A1 




EP0753320A1 




FIGS 




FIG 9 



23 



EP0^320A1 




FIG 10 



24 



EP0753 320A1 



146A 



146B 

J 



14SC 1460 146E 



146F 



FIG 11 




25 



EP0^ 320A1 




FIG 12 



26 



EP0753320A1 




FIG 14 

27 



EP0 753 320A1 




FIG 16 

28 



EP0 753 K0A1 




FIG 17 



29 



EP0753320A1 



European Patent 
Of5ce 



EUROPEAN SEARCH REPORT 



AppUcaikm Nnfflbcr 

EP 96 10 9790.4 
Page 1 



DOCUMENTS CONSIDERED TO BE RELEVANT 



of idevanl pssxkfCK 



Refevant 
to dun 



CLASSIFICATION OF THE 
APPUCATION (IBL CU) 



OS, A, 4986268 (FLEOR T. TEHRAMI), 
22 January 1991 (22.01.91) 



US, A. 5103814 (TIMOTHY MAHER), 
14 April 1992 (14.04.92) 



OS, A, 5365922 (DANIBL B. RAEMER), 
22 Noveaber 1994 (22.11.94) 



US. A. 5388575 (JOHN C. TAUBE), 
14 February 1995 (14.02.95) 



1-27 



1-27 



1-27 



1-27 



A61II 16/00 



TECHNICAL FIELDS 
SEARCHED (iBL CU) 



A611I 



The preseot teuch repMl bsf bceo dr*wn up for ftO duns 



Piatt of annk 

STOCKHOLM 



Dite Af CMpfctiM W tt> MMk 

27 Septeaber 1996 



JACK HEDLUND 



CATEGORY OF CrnS DOCUMETfTS 
Z : psitkiilaitr idevul If faka iloBS 

Qiw iifMBt of tbo HHMt cst^pify 
O ! DO&>ivi iltui dtsdcssrc 



T : ibcDiji Of pttBctpts D&defMBg ite tmsttos 
E : culler pttm te ca iat a t, but poMArt on, or 

ifter th* fUng (fate 
D : iataman cited b Ibe ■yplli'itrfw 
L : dodmwsl dted fin otba imuiii 

A : pcmbCT sS tbe sstne pttte o t fastDyt congtp wmnng 

dOCDIBM 



30 



